The efficacy of seven-day clarithromycin-based standard triple therapy (STT) for Helicobacter pylori has decreased in Korea over the past decade. The aim of this metaanalysis was to clarify the efficacy of first-line and second-line therapies in Korea. This systematic review will provide an overview of H. pylori eradication and present new therapeutic strategies used in Korea. An extensive search of the literature concerning STT, sequential therapy (SET), concomitant therapy (CT), bismuth-containing quadruple therapy (BCQT) and various other therapies used in Korea was performed. All selected studies were randomized controlled trials (RCTs). Eighteen RCTs were eligible for systematic review. The alternative regimens comparing seven-day STT as a first-line therapy include SET, CT, levofloxacin-based therapy (LBT), BCQT, and STT with prolonged duration. The results of the meta-analysis suggest that SET is superior to seven-day STT. The overall eradication rate by intention to treat (ITT) analysis was 69.8% for STT and 79.7% for SET. The overall eradication rate by per-protocol (PP) analysis was 77.0% for STT and 85.0% for SET. The odds ratios for the ITT and PP eradication rate were 0.57 (95% confidence interval [CI], 0.43 to 0.74) and 0.52 (95% CI, 0.35 to 0.76), respectively. In the subgroup analysis, however, there were no significant differences between SET and STT with prolonged durations. Alternative regimens to seven-day BCQT as second-line therapy include LBT, moxifloxacin-based therapy and 14-day BCQT. The eradication rates of these alternative regimens were not superior to that of the conventional treatment. SET is superior to sevenday STT but not to STT with prolonged duration.
INTRODUCTION
Seven-day standard triple therapy (STT) has been the most recommended and used first-line therapy for the eradication of H. pylori in many countries, including Korea. However, the efficacy of STT has decreased over the past decade (1, 2). Primary treatment failure of H. pylori-related disease is a large problem in Korea. Several previous Korean meta-analyses have reported SET to be superior to STT for eradication of H. pylori (3) (4) (5) (6) . However, no study has performed subgroup analysis of duration of STT. There thus remains controversy with regard to the use of 10-day STT or 14-day STT and second-line therapy such as bismuth-containing quadruple therapy (BCQT). According to this systematic review and meta-analysis, SET is superior only when STT is used for seven days. Patients who fail H. pylori eradication must be treated by 'rescue' therapy. According to the Maastricht IV Consensus Report, BCQT remains the best second-line therapy option, if available (1) . However, this regimen requires the complex administration of four drugs. Therefore, there is concern that BCQT with poor compliance will result in lower efficacy. A previous study compared the eradication rate of quinolone-based therapy with that of BCQT as a second-line therapy (7) . However, there was no benefit of quinolone-based therapy with regard to eradication rate in Korea. The reason for this result may be the rapidly increasing resistance to fluoroquinolones in Korea (8) . In addition, the present systematic review proposes new therapeutic strategies for use in Korea.
Statistics
The pre-defined outcome measure was the proportion of patients with successful eradication after treatment. The odds ratio (OR) of eradicating H. pylori infection was the primary endpoint. ORs of adverse events of treatment were the secondary endpoints. The inconsistency index (I 2 ) statistic was used to assess statistical heterogeneity among the reported treatment effects. Low, moderate and high degrees of heterogeneity were considered for I 2 values of 25%, 50%, and 75%, respectively. However, all cases were analyzed using the random-effect model as clinical heterogeneity existed even if statistical heterogeneity did not. The 95% confidence interval (CI) was used to gauge the clinical importance of the relative benefit of the alternative therapy group compared with the control group in terms of percentage reduction in failure to eradicate H. pylori. We also determined pooled ORs for adverse events of the treatments. Forest plots were constructed for a visual display of individual studies and pooled results. All of the calculations were performed with Cochrane Collaboration's software, Review Manager 5.
RESULTS

Search results
Our initial search yielded 1,304 citations. After applying the inclusion and exclusion criteria, 18 articles were eligible for systematic review. A flow diagram of the selected trials is shown in Fig. 1 . Characteristics of the studies included are shown in Table  1 . Risk of bias according to the Cochrane Collaboration was applied to the included studies (Fig. 2) .
Regimens
Regimens used in included studies were as follows: 1) Standard triple therapy (STT) consisting of twice a day amoxicillin (1,000 mg), clarithromycin (500 mg) and standard dose proton pump inhibitor (PPI); 2) Sequential therapy (SET) consisting of standard dose PPI and 1,000 mg amoxicillin for five days; followed by standard dose PPI, 500 mg clarithromycin, and 500 mg metronidazole for five days; 3) Concomitant therapy (CT) consisting of twice a day amoxicillin (1,000 mg), clarithromycin (500 mg), metronidazole (500 mg) and standard dose PPI; 4) Bismuthcontaining quadruple therapy (BCQT) consisting of tripotassium dicitrate bismuthate (300 mg q.i.d.), metronidazole (500 mg t.i.d.), and tetracycline (500 mg q.i.d.) and standard dose PPI (b.i.d.); 5) Levofloxacin-based therapy (LBT) consisting of twice a day amoxicillin (1,000 mg), levofloxacin (200 mg), and PPI; 6) Moxifloxacin-based therapy (MBT) consisting of moxifloxacin (400 mg q.i.d.), amoxicillin (1, 
First-line therapies
The results of the meta-analysis concerning STT compared to other therapies as first-line therapy are shown in Fig. 3 (9) (10) (11) (12) (13) (14) . The forest plot of the six studies is shown in Fig. 4 . The effect of SET was superior to STT with regard to eradication rate. The ITT analysis of all of the selected studies comparing STT and SET yielded an OR of 0.57 (95% CI, 0.43 to 0.74). The overall eradication rates by ITT analysis were 69.8% for STT and 79.7% for SET. The PP analysis yielded an OR of 0.52 (95% CI, 0.35 to 0.76). The overall eradication rates by PP analysis were 77.0% for STT and 85.0% for SET. The subgroup analysis showed an inconsistent result, with SET being superior to seven-day STT. The ITT analysis of selected studies comparing seven-day STT and SET yielded an OR of 0.56 (95% CI, 0.42 to 0.74). The overall eradication rates by ITT analysis were 65.9% for seven-day STT and 77.7% for SET. The PP analysis yielded an OR of 0.49 (95% CI, 0.35 to 0.69). The overall eradication rates by PP analysis were 72.6% for sevenday STT and 84.5% for SET. A total of two studies comparing 10-day STT and SET provided data on 389 adult patients. The ITT analysis of selected studies comparing 10-day STT and SET yielded an OR of 0.67 (95% CI, 0.32 to 1.39). The PP analysis yielded an OR of 0.58 (95% CI, 0.19 to 1.75). The overall eradication rates by ITT and PP analysis were 68.2% and 76.3%, respectively, for the 10-day STT group. A total of two studies comparing 14-day STT and SET provided data on 639 adult patients. The ITT analysis of selected studies comparing 14-day STT and SET yielded an OR of 0.78 (95% CI, 0.31 to 2.00). The PP analysis yielded an OR of 0.72 (95% CI, 0.28 to 1.86). The overall eradication rates by ITT and PP analysis were 76.8% and 84.8%, respectively, for the 14-day STT group. Adverse event rates were 23.3% for SET and 18.0% for STT. In the subgroup analysis, however, there was no significant difference between SET and STT with regard to prolonged treatment duration. The pooled OR of adverse events was 0.83 (95% CI, 0.65 to 1.06). The incidences of frequent adverse events like diarrhea, nausea, abdominal pain and taste disturbance were similar in the two groups.
There was one RCT comparing seven-day STT with CT for first-line H. pylori eradication (15) . There were no significant differences in eradication rates between the two groups (ITT, P = 0.150 and PP, P = 0.157). In the ITT analysis, the eradication rate was 72.6% in the STT group and 80.7% in the CT group. As for the PP analysis, the eradication rate was 85.2% in the STT group and 91.4% in the CT group. There were no significant differences in the proportion of patients with adverse events between the two groups. respectively, and 80.8% and 81.3% in the CT group. There were no significant differences between the two groups with regard to adverse events. There was only one RCT conducted to compare the efficacy of STT and BCQT as a first-line treatment (17) . The effect of BC-QT showed no significant differences to STT in eradication rate. Eradication rates in the STT and BCQT groups were 78.7% and 71.6% by ITT analysis, respectively (P = 0.424). By PP analysis, eradication rates of the STT and BCQT group were 85.5% and 85.5%, respectively (P = 1.012). The incidence of common adverse events was similar between the STT group and BCQT group.
Only one RCT was found comparing STT with LBT (18) . The eradication rate achieved with STT was higher than with LBT on the ITT (77.7%, 65.3%, P = 0.05) and PP analysis (P = 0.04). LBT was not effective as a first-line therapy in Korea.
We performed a systematic literature review and meta-analysis for two RCTs concerning treatment duration of STT (19, 20) . One study did not describe the ITT analysis and so could not be analyzed on an ITT basis (19) . In the meta-analysis of RCTs comparing different durations of STT, there were no significant differences between the effects of seven-day and 14-day STT on eradication rate by PP analysis (Fig. 5 ). The analysis of selected studies comparing seven-day STT and 14-day STT yielded an OR of 0.48 (95% CI, 0.16 to 1.44). Overall, the eradication rate was 81.5% for seven-day STT and 88.1% for 14-day STT. The pooled OR of adverse events was 1.19 (95% CI, 0.69 to 2.06).
Second-line therapies
The most commonly prescribed second-line therapy was BCQT. The results of the meta-analysis concerning alternative secondline therapies are shown in Fig. 6 . There was only one RCT comparing BCQT with LBT (7). There was no significant difference in H. pylori eradication rate between the two groups (ITT, P = 0.815 and PP, P = 0.437). The eradication rates according to ITT and PP analyses were 51.6% and 53.3% in the LBT group and 48.9% and 62.9% in the BCQT group, respectively. LBT was better tolerated than BCQT, with a lower incidence of adverse events (10.0% vs. 31.4%, P = 0.03).
There were two RCTs concerning MBT as second-line therapy (21, 22) . The effect of MBT as second-line therapy did not show a significant difference from BCQT with regard to eradication rate. However, data were heterogeneous, and the confidence interval was relatively wide. Therefore, the results were inconclusive. The ITT analysis of all of the selected studies comparing MBT and BCQT yielded an OR of 0.65 (95% CI, 0.26 to 1.62). Overall, the eradication rate by ITT analysis was 63.9% for BCQT and 72.8% for MBT. The PP analysis yielded an OR of 1.02 (95% CI, 0.27 to 3.85). Overall, the eradication rate by PP analysis was 82.7% for BCQT and 82.9% for MBT. There was a significantly lower rate of overall total adverse events with MBT. The pooled OR of adverse events was 0.23 (95% CI, 0.12 to 0.44). Fig. 2 . The risk of bias summary. Risk of bias according to the Cochrane Collaboration was used to assess risk of bias in the included studies. Many items were judged as unclear (reported in yellow) because the study did not report enough information for a proper evaluation. The figures show that the overall risk of bias is low (reported in green), but performance bias is high (reported in red). In another RCT comparing CT with SET for first-line H. pylori eradication, there were no significant between-group differences with regard to eradication rate (16 In our systematic review, three RCTs comparing 14-day with seven-day BCQT for H. pylori eradication met the inclusion criteria (23) (24) (25) . The forest plot of the three studies concerning treatment duration of BCQT is shown in Fig. 7 . There was no significant difference between the effect of seven-day and 14-day BC-QT on eradication rate by ITT analysis. The ITT analysis of all of the selected studies comparing seven-day therapy and 14-day therapy yielded an OR of 0.91 (95% CI, 0.79 to 1.04). Overall, the eradication rate by ITT analysis was 75.6% for seven-day BCQT and 84.3% for 14-day BCQT. In comparison, the PP analysis yielded an OR of 0.42 (95% CI, 0.18 to 1.00). Overall, the eradication rate by PP analysis was 84.6% for seven-day BCQT and 92.9% for 14-day BCQT. There were no significant differences between the two groups with regard to adverse events. Third-line therapies In Korea, there was no RCT for third-line therapies. Only four non-randomized studies were available (26) (27) (28) (29) . As a result, the eradication rates of alternative regimens as third-line therapies have not reached acceptable levels.
DISCUSSION
The reasonable targets of H. pylori eradication are as follows (30) : The cure rate by ITT analysis should be greater than 80%, and the cure rate by PP analysis should be greater than 90%. In our systematic review, however, the eradication rates of sevenday STT did not reach the acceptable level by either ITT or PP analysis. The overall eradication rate of STT was 68.5% by ITT analysis and 78.9% by PP analysis (Fig. 3) . In attempts to overcome eradication failure, recent interest has focused on SET, which was introduced in 2000. With regard to the results, SET appears to be superior to STT as a first-line therapy in the eradication of H. pylori. In the subgroup analysis, however, there were no significant differences between SET and STT with prolonged treatment durations (10-day STT or 14-day STT). This result suggests that lengthening the duration of STT may increase the success of eradication of H. pylori in Korea. A recent published meta-analysis showed similar results (31) . According to the metaanalysis of 46 RCTs concerning SET, SET is superior to seven-day STT but not superior to 14-day STT. Another meta-analysis concerning optimum duration of treatment showed that 14-day STT is superior to seven-day STT (32) . These results suggest that lengthening the duration of STT may increase the success of eradication of H. pylori. According to our meta-analysis, however, this strategy will not achieve a sufficient eradication rate. It seems clear that SET is superior to seven-day STT. STT is usually used Fig. 5 . Forest plot of the two studies on treatment duration of STT according to PP analysis. There was no significant difference between the effect of seven-day and 14-day STT on eradication rate by PP analysis. STT, standard triple therapy; CI, confidence interval. Fig. 7 . Forest plot of the three studies on treatment duration of BCQT on ITT analysis (A) and PP analysis (B). There was no significant difference between the effect of sevenday and 14-day BCQT on eradication rate by ITT analysis. However, there was borderline statistical significance between the effect of seven-day and 14-day BCQT on eradication rate by PP analysis. BCQT, bismuth-containing quadruple therapy; CI, confidence interval.
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for seven days, and the most common regimen of the studies in the meta-analysis is the seven-day STT. There is, however, still controversy with regard to the use of 10-day STT or 14-day STT. Therefore further high-quality RCTs are needed to compare SET and STT with prolonged treatment durations.
There have been few studies concerning CT in Korea. In our systematic review, two studies were identified. One RCT compared the efficacy and safety of CT to STT (15) . Another RCT compared the efficacy and safety of CT to SET in Korea (16) . According to Kim et al., the effect of CT was not significantly different from that of STT (15) . According to Lim et al., the effect of CT was not significantly different from that of SET in the ITT and PP analyses (16). We were not able to perform a meta-analysis with Korean data. Five-day CT showed a trend toward a higher eradication rate than STT, although the difference did not reach statistical significance. CT may be an alternative to STT as a firstline therapy of H. pylori eradication in regions where clarithromycin resistance is rapidly increasing, such as Korea. A recent published meta-analysis showed that CT was more effective than STT (33) . There were no significant differences between hybrid therapy, CT and SET according to Wang B et al. (34) . In the future, well designed RCTs using CT with prolonged treatment durations are needed. BCQT administered for 7-10 days has been proposed as a solution for the declining eradication rates seen with STT. According to Jang et al., seven-day BCQT as first-line therapy did not show any advantage over STT (17) . However, the quality of their study was not high and included relatively old data that did not reflect real, current clinical practice. Only one RCT concerning LBT as a first-line therapy was identified (18) ; in that study, the LBT was inferior to STT. The unacceptable eradication rate of LBT is due to the higher prevalence of primary levofloxacin resistance, which has increased to 21.5% in Korea (35) . However, in second-line therapy, there was demonstrated no significant difference in H. pylori eradication rate between the LBT group and BCQT group (7). This discrepancy may result from two limitations of the original studies. One is that the statistical power was low due to the small sample size. The other is that the heterogeneity of results was high. There a previously published meta-analysis paper concerning LBT in other country. A systematic review and metaanalysis concerning LBT revealed that STT is superior to LBT in Asian countries (36) . In European areas, however, LBT may be considered as an alternative therapy according to a subgroup analysis of studies in different geographic areas.
Several strategies have been proposed to improve eradication rates of existing therapies. It has been suggested that lengthening the duration of STT may increase success. However, there is still no consensus on the optimal duration of treatment (7, 10, or 14 days). We performed a systematic literature review and meta-analysis to compare the efficacies of seven-day and 14-day STT. In this meta-analysis of RCTs comparing different durations of STT, there was no significant difference between the effects of seven-day and 14-day STT on eradication rate by PP analysis. However, this study was not able to perform an analysis on an ITT basis, and the results were based on relatively old data that did not reflect real, current clinical practice. On the other hand, lengthening the duration of STT in the subgroup analysis of SET appeared to increase the eradication of H. pylori in our meta-analysis (Fig. 4) .
The Korean College of Helicobacter and Upper Gastrointestinal Research recommended either one-or two-week BCQT as a second-line therapy in cases with initial treatment failure (30) . However, there is still debate on the ideal duration of BCQT. According to the present meta-analysis, there was no significant difference between the effect of seven-day and 14-day BCQT on eradication rate by ITT analysis. On the other hand, there was borderline statistical significance between the effect of seven-day and 14-day BCQT on eradication rate by PP analysis. Well-designed multicenter RCTs are needed to determine the ideal duration of BCQT.
Based on current evidence, we propose a new therapeutic strategy for use in Korea. STT with prolonged treatment duration and SET are promising alternatives to seven-day STT as a first-line therapy in Korea. After failure of first-line therapy, BC-QT can be recommended. As an alternative, BCQT can be recommended for first-line therapy. After failure of BCQT, SET is recommended. There was no RCT for a third-line therapy in Korea. Empirical third-line therapies like LBT, quinolone-based therapy, rifabutin-based triple therapy and dual therapy could be prescribed.
There are limitations to our systematic review. First, there was a relatively small number of RCTs. Second, the quality of the reviewed RCTs was not high. Third, most of the studies were conducted in a single center. Finally, many studies were based on relatively old data.
In conclusion, seven-day STT is not effective in Korea as a first-line therapy, with SET being superior to seven-day STT. The effect of CT is inconclusive. Quinolone-based therapy may not be effective in Korea. An effective empirical third-line therapy is not conclusive. Well-designed multicenter RCTs are needed to determine the optimal first-line therapy in Korea (SET, CT, BCQT and STT with prolonged treatment duration).
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